I.
INTRODUCTION case, the energy is generally difficult to replace. Therefore, energy efficiency as a wireless sensor network is the most important performance indicators, which usually defined as the transmission of information data and the energy consumption ratio.
Since slotted ALOHA (S-ALOHA) and carrier sense multiple access (CSMA) protocols have been proposed, S-ALOHA protocol has been mostly used in cellular networks or satellite networks, where users request uplink resource in the course of signaling, or transmit small-sized data packets sporadically generated [5] . On the other hand, CSMA protocols have been deployed in IEEE 802.11 wireless local area networks (WLAN) and IEEE 802.15 wireless personal area networks (WPAN), in which carrier sensing is effective in small geographical areas with a longer packet transmission time relative to the propagation delay [6] [7] [8] . Under this circumstance, users may want to know the performance of the system.
In the monitoring mechanism, if the recipient successfully receives the data, it will return an ACK. ACK signals usually have their own fixed format, the length of size, to reply to the sender by the recipient [9] . The format depends on which kind of the network protocol is taken. When the sender receives the ACK signal, it can send the next data [10] . If the sender does not receive a signal, then the sender may retransmit the current data package, data transfer may stop. The process is depending on the network protocol used [11] [12] [13] .
When we introduce the multichannel mechanism, the system has N channels to transmit packets, the nodes occupied of channel resources randomly according to their different business requirements [14] . Each priority has no limit on the number of users, the order of priority from high to low be priority N, priority N-1... priority 1. Priority i of business occupied the channel 1 to channel i , as shown in Figure 2 . The arrival Information packets on the channel i obey Poisson distribution with arriving rate is i G , the arrival process of priority r on the channel i obedience the process with arrival rate
. Such system is a load balancing system, the same arrival rates for each channel is
. Different quality of service according to different requirements, the multi-channel CSMA protocol realized different services of different QoS prioritization requirements by prioritizing [16] . The structure of multi-channel mechanism is showed in Figure 2 . To sum up, the multi-channel three-dimensional probability CSMA wireless with monitoring function the paper presented can improve channel utilization, communication security and total system controllability.
The organization of the lecture is as follows. After the analysis of the proposed in section II, we get the exact expression of relevant indicators. The results of simulation and analysis have been showed in section III. The lecture has been concluded in section IV.
II.
ANALYSIS OF MATP-CSMA PROTOCOL a. The model of protocol
The model of three-dimensional probability CSMA protocol with monitoring function is shown in Figure 3 .
When analyzing the above model, the average cycle analysis method proposed by Professor
Zhao Dongfeng is used [17] .
Under the control of the protocol, there are three random events in the channel: the successful event U , collision event C (the successful event U and the collision event C are forced into the combined event CU ) and idle event I [18] . And these three events can also be divided into two events I and B . These two events appear alternately on the channel axis.
The time that information packet transmitted, the transmission time of monitoring signal A τ , round-trip propagation delay 2a , and the average retransmission delayδ [19] . [20] . TP is the transmission period [21] . Use threedimensional probability: 1 P , 2 P , 3 P to control the period of I events, CUI events and CU events separately.
b. Analysis of system throughput
Before analyze the system performance, first do the following assumptions:
1) The channel is ideal with no noise and interference;
2) The basic unit of the system control clock is a , the information packets arrived at time a will transmit at the starting time of the next slot;
3) The channel propagation delay is a ,the packet length is unit length and is an integral multiple of a [22] ;
4) The access method of number ( )
channel is timeslot three-dimensional probability CSMA protocol, and the arrival process of number i channel satisfy the Poisson process whose independent parameter is i G [23] , each arrival process on the channel is independent of each other;
5) The channel using three-dimensional probability CSMA protocol with multichannel mechanism, the information packets need to be sent at the first slot in the transmission period can always detecting the state of the channel at last moment; 6) During the transmission of information packets, the phenomenon of packet collisions occur inevitably, and continues to be sent after a random time delay, it sends will not produce any adverse effects on the arrival process channel [24] [25] [26] .
The arrival process of channel satisfies the Poisson process:
In I events, at idle time slot a , if there is no information packets to be sent in channel i , its possibility is:
In I events, at idle time slot a , if there is only one information packet to be sent in channel i , its possibility is:
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At the transmission period, if there is no information packets to be sent in channel i , its possibility is:
In the transmission period (1 3 ) a + , if there is only one information packet to be sent in channel i , its possibility is:
In a cycle, the possibility of continuous r I events and j B events in channel i is: 
The possibility of ( ) B E N , the average number of j continuous B events in channel i in a cycle is: 
The number of information packet transmitted successfully in channel i in I events is:
ANALYSIS OF THE MULTI-CHANNEL THREE-DIMENSIONAL PROBABILITY CSMA PROTOCOL WITH MONITORING FUNCTION FOR WSN
The average length of information packet transmitted successfully in channel i in I events is:
In a cycle, the average length of continuous K U events in the TP time in channel i is: 
In a cycle, the average length of time slot that information packet has been successfully sent in channel i in a cycle is:
The average length of B event in channel i is:
The average length of I event in channel i is:
The throughput of the MATP-CSMA protocol in channel i is: 
In the N channels of wireless communication system, because this channel model is a load equilibrium model [27] , so the arrival probabilities of each channel are the same, that is to say:
The systemic throughput of the protocol is:
Then multichannel protocol with the priority l : 
1) G S
− is the average number of information packets be retransmitted [29] .
The average delay of information packets is:
(1 ) transmission periods in a channel period [31] .
The sending consumption in the transmission period is: 
Then the sensing consumption in the next i T is:
The average operating power of channel i is:
Then the average operating power of all system is:
The life cycle of node
For the terminal nodes, assuming it sleeps 1 at a time, then it sleeps a within time a, the average power of the node which priority is l in the N nodes is:
Equation ( For the aggregation nodes, the average power is:
Since the energy consumption is constant in the transmission process, the lifecycle d T is:
For the aggregation node, the lifecycle s T is 
III. COMPUTER SIMULATION Based on the above theoretical analysis, this part will simulate the protocol using MATLAB R2010a.
During the simulation, assume that:
a) The channel is ideal with no noise and interference;
b) The basic unit of the system control clock is a , the information packets arrived at time a will transmit at the starting time of the next slot;
c) The channel propagation delay is a , the packet length is unit length and is an integral multiple of a ;
d) The access method of number ( )
channel is timeslot three-dimensional probability CSMA protocol, and the arrival process of number i channel satisfy the Poisson process whose independent parameter is i G , each arrival process on the channel is independent of each other;
e) The packet length is 1. In the Figure 4 , at the beginning, when the arrival rate increases, the system throughput also increased; then throughput reaches its maximum under the condition. Finally, with the increasing amount of the arrival rate, the system throughput decreases. The simulation values of system throughput under the protocol are consistent with the theoretical ones. Figure 5 . The throughput of the protocol with variable parameter P1
Can be seen from the Figure 5 , with the 1 P increases, the system throughput is increases too. This is laying that when the arrival rate is small, if the probability of arrival information sent is too small at the I events, the channel resource is not fully utilized. Thus, if we increase the probability of the arrival information transmitted, we can improve the efficiency of channel resources and increase the value of the system throughput. In the Figure 6 , when 2 P becoming bigger, the throughput will decrease; because when the channel is busy sending the packet, the more new arrival information packets to send at the CU events the more collisions will be. With the total number of channels increases, the value of the protocol's total system throughput will increases; the channel resources can distribute to every channel according to their priority according to their own priority separately; when the priority is higher, the corresponding single channel will get more network resources than the lower priorities; thus the value of throughput with higher priority channel is bigger than others with lower priorities. With the multi-channel mechanism, the network resources utilization has been improved significantly.
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From Figure 11 , we can know the system throughput under the MATP-CSMA protocol and the three-dimension CSMA protocol is bigger than the one under S-Aloha protocol. The throughput with MATP-CSMA protocol is a little smaller than the three-dimension CSMA protocol's.
Because the signal of ACK occupies some information resources during the data is transmitted, which is inevitable. But with the ACK mechanism, we can make the transmission process of data is visible and the sacrifice of degrading the throughput lightly is worthy.
IV. CONLUSIONS
With the development of WSN, involving vary businesses, the amount and style of data which the sensor nodes detecting is large and divertive. Based on three-dimensional probability CSMA protocol, the proposed protocol, multi-channel three-dimensional probability CSMA protocol with monitoring function (MATP-CSMA), is providing the sensor nodes owning different task with diversified throughput, meeting the quality of services of diversiform business. The paper analyses the protocol from three aspects: the system throughput, system delay and energy efficiency. Through rigorous mathematical derivation, get the exact expression of relevant indicators; with the use of simulation tools, verify the accuracy of the model and expressions.
